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Moving from multi-spectral to hyperspectral radiometry is critical for observing aquatic systems

No other current or planned hyperspectral radiometer provides 1-2 day global coverage

UV & two 2-mm bands realize several atmospheric improvements over heritage instruments

Multi-angle polarimetry adds dimensions of information

Both polarimeters provide excellent proofs of concept for advanced aerosol & cloud retrievals 

(hello, AOS & MetOP-SG, etc.), as well as for ocean color atmospheric correction

Tilt (Sun glint avoidance) is essential for capturing marine system dynamics

Science is importantPACE advances
- filling niches that cannot be currently addressed at home or abroad -



Top-of-Atmosphere Radiance

Atmospheric Contribution

Oceanic contribution

Water-leaving Radiance
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OCEAN COLOR



Cloud optical depth
Cloud height
Cloud thickness

Aerosol optical depth
Aerosol heights and layers

Oil slick detection

Ocean reflectance
Whitecap fraction

Angular light distributions

Cloud phase (liquid/ice)
Droplet size distributions
Ice crystal shapes

Aerosol absorption
Aerosol size distributions

Concentrations of 
brown/black carbon

PACE DATA PRODUCTS

ATMOSPHERIC



PAR: 
photosynthetically 
available radiation

Light penetration
Angular light distributions
Index of refraction

Bathymetry 
classifications

Light transmission
Absorption properties
Scattering properties

Land albedo
Vegetation indices

Photosynthetic pigments
Fluorescence
Plankton communities

Particulate carbon
Suspended matter

PACE DATA PRODUCTS

OCEAN COLOR

PACE DATA PRODUCTS

TERRESTRIAL



https://pace.oceansciences.org/data_table.htm



245 days until launch as of … today

what can you expect between now and then (and after)?



nadir (Earth) view

OCI

HARP2
SPEXone

direction of flight

https://espd.gsfc.nasa.gov/pace/video.html

since our last meeting ... the full observatory was assembled



• completed tests related to launch

o vibration, acoustic, shock tests 

• tests related to the space environment follow
o thermal vacuum starts ~next week
o campaign lasts ~2 months

• tests related to end-to-end data flow 
occurring simultaneously

• delivery to Kennedy Space Center (Cape 
Canaveral) in early/mid November

• ~46 days of launch site operations

the road to launch …



what to expect after launch …

• 60 days of in-orbit commissioning (IOC)

• 1st 30 days

o spacecraft checkout & maneuvers
o power on the instruments

• 2nd 30 days

o instrument checkout
o coordinated observations last 10 days

• SDS ”officially” distributes data after 60 days

o heritage & required products (Rrs, AOT, clouds)
o note:  Lt, Rrs at 2.5 (1.25) nm resolution
o advanced / polarimetric to TBD follow



• process follows the 
Science Data Product 
Implementation Plan

• Science Operations Board 
(Project, HQ, DAAC) oversees the 
process and considers scientific 
value & resource requirements

• stepwise approach for algorithm 
implementation, testing, 
evaluation, & maturation

• reach out to Jeremy Werdell, 
Bryan Franz, any Proj Sci deputy 
or lead to start

algorithm implementation



OCI (PyTOAST: Python Top Of Atmosphere 

Simulation Tool, medium/low-fidelity):

• version 9 now available

• 1 full day (21 March 2022) including:  

o Level-1A, -1B, -1C, -2, -3 bin, -3 map

o ocean color, aerosols, clouds

• L2 and beyond are NOT for scientific use; 

but, OK for testing input/output processing 

systems, code readers, file specs, etc.

polarimeters:

• Level-1C for both HARP2 and SPEXone

simulated data available



System Vicarious Calibration (SVC)

both projects preparing for launch & beyond

(1) HyperNAV
OSU, SeaBird Scientific

radiometric float
- small, portable
- profiling
- long-duration
- COTS legacies

multi-site operations

test deployments 
conducted (e.g., Crete)

(2) MarONet
U.Miami, NIST

radiometric buoy
- large, 20’ container
- 3 fixed arms
- long-deployment
- MOBY legacy

migration to Perth, Australia

test deployments conducted 
(e.g., Lanai)



PACE Validation Science Team (PVST)
• ROSES-22 late amendment solicitation
• proposals were due May 5  
• selection ~fall 2023
• in the field after first light (~spring 2024)

post-launch validation activities

PACE Post-launch Airborne eXperiment (PACE-PAX)
• aircraft (+ in-/on-water TBD)
• planning underway (docs hosted @ 

pace.oceansciences.org/campaigns.htm)
• direct & proxy measurements
• US west coast, Sep 2024
• synergy with PVST anticipated
• not competed





Useful info

data product 
descriptions + 
access to  
simulated data &
characterizations

PACE technical 
memos & other 
documents

resources & 
useful info

https://pace.gsfc.nasa.gov

@NASAOcean





https://pace.gsfc.nasa.gov
@NASAOcean

PACE will extend key systematic ocean color, aerosol, & 
cloud (& terrestrial) climate data records.

PACE will reveal the diversity of organisms fueling marine 
food webs & how ecosystems respond to change.

Looking at the ocean, clouds, and aerosols together will 
improve knowledge of the roles each plays in our planet.

The PACE Ocean Color Instrument (OCI):
• 340-890 nm @ 5 nm resolution in 2.5 nm spectral steps
• Plus 940, 1038, 1250, 1378, 1615, 2130, & 2250 nm
• 2-day global coverage; 1-km2 @ nadir; ±20o fore/aft tilt
• Performance driven by ocean color science requirements

2 contributed multi-angle 
polarimeters:
• HARP-2 (UMBC)

4 visible-NIR bands
Wide swath; 2.5 km @ nadir
Hyper-angular
Cloud capabilities beyond OCI

• SPEXone (SRON/Airbus)
HyperspectralUV-NIR
Narrow swath; 3 km @ nadir
5 angles
Aerosol capabilities beyond OCI

Key characteristics:
• 9 January 2024 launch on a Falcon 9 from KSC
• 676.5 km altitude
• Polar, ascending, Sun synchronous orbit; 98o inclination
• 13:00 local Equatorial crossing
• 3-yr design life; 10-yr propellant
• 6-9 hrs latency (on average; full range ~3-24 hrs)



ocean color & 

the ocean color instrument

ocean color retrievals drive OCI’s 

design & performance requirements

• hyperspectral scanning radiometer

• (320) 340 – 890 nm, 5 nm resolution, 2.5 nm steps+

• plus, 940, 1038, 1250, 1378, 1615, 2130, and 2250 nm

• single science pixel to mitigate image striping

• 1 – 2 day global coverage

• ground pixel size of 1 km2 at nadir

• ± 20o fore/aft tilt to avoid Sun glint

• twice monthly lunar calibration

• daily on-board solar calibration

• <0.5% total system error for VIS-NIR

• SNRs optimized for ocean color science

• simulated top-of-atmosphere data available + with 1.25 nm steps in several spectral regions
* developed primarily for mechanical processing assessments  



UMBC Hyper 
Angular 
Rainbow 
Polarimeter 
(HARP-2) 

SRON/Airbus
Spectro-
polarimeter 
for Planetary 
Exploration 
(SPEXone) 

Update
• Fully integrated on the 

spacecraft in Oct 2022
• 1 day of simulated 

data available online

Update
• Fully integrated onto the 

spacecraft in June 2022
• 16 orbits of simulated 

data available online 

• Excellent for cloud droplet size and ice particle shape/roughness retrievals

• Provides cloud capabilities beyond those required of OCI

• Wide swath matches OCI, offering potentially improved atmos. correction

• Excellent for aerosol characterization

• Addresses aerosol climate objectives beyond those required of OCI

OCI + SPEXone + HARP2

• Greater information content than any 
current instrument suite for ocean color, 
aerosol, & cloud observations

• New data products: ocean color from 
multi-angle polarimetry, wind speed, etc. 
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